
KFRI Research Report 53 
 
 
 
FOLIAR ANALYSIS IN  

EUCALYPTUS TERETICORNIS AND E.GRANDIS  

TO ASSESS SOIL TEST MATHODS FOR  

NITROGEN, PHOSPHORUS AND POTASSIUM 

 
 
 
 
S.Sankar 
M.V.Mary 
T.G.Alexander 
 
 
 
 
 

 
 
KERALA FOREST RESEARCH INSTITUTE
PEECHI, THRISSUR
 

February 1988         Pages:16 
 
 



 
 
 
 



 

CONTENTS 
  Page File 

 Abstract 1 r.53.2 

1 Introduction 2 r.53.3 

2 Materials and methods 3 r.53.4 

3 Results and discussion 5 r.53.5 

4 Conclusion  13 r.53.6 

5 Literature cited 14 r.53.7 
 
 
 



Abstract 

Whi le  plantations of cucalypts, occupy over 35,000 ha i n  Kerala, 

no studics have been conducted  far t o  e x p l o r e  t h e  p o s s i b i l i t i e s  of  

n u t r i e n t  management f o r  increasing p r o d u c t i v i t y .  T h e  p r e s e n t  w o r k  

aims a t  assessing t h e  f o l i a r  n u t r i e n t  l e v e l s  o f  E .  t e r e t i c o r n i s   a n d   E. 

g r a n d i s  e s p e c i a l l y  t h e  c o n c e n t r a t i o n  o f  n i t r o g e n ,  p h o s p h o r u s  a n d  

p o t a s s i u m  i n  r e l a t i o n  t o  t h e  c o n t e n t  of these  e l e m e n t s  i n  t h e  s o i l .  

Field  work was carr ied out  in  K o n d a z h i  ( 1977 ,  E.  t e r e t i co rn i s  

p l a n t a t i o n ,  T r i c h u r  F o r e s t  D i v i s i o n )  a n d  M u t h a n g a  ( 1 9 8 0 ,   E. g r a n d i s   

 

p l a n t a t i o n ,  K o z h i k c d e  F o r e s t  D i v i s i o n ) .  S o i l s  w e r e  c o l l e c t e d  from 

p i t s  ( 0 - 2 0 ,  20-40 and  40- 60 cm layers )  and  the  fo l ia r  mater ia l  was  

sampled thrice, (April 1983, September 1983 and March 1984). A n a l y s i s  

o f  N . P  a n d  K  i n  s o i l  a n d  p l a n t  w e r e  c a r r i e d  o u t  f o l l o w i n g  s t a n d a r d  

p r ocedu  res.   

S o i l s  i n  b o t h  E .  t e r e t i c o r n i s  a n d   E .  g r a n d i s  p l a n t a t i o n : ;  

c o n t a i n e d  l ow  l e v e l s  o f  N03-N and  ex t r ac t ab l e  P whi le  t he  con t en t  of  K 

  

was modarately h i g h .  The same t r e n d  was o b s e r v e d  i n  f o l i a r  

concen t ra t ions  of  t hese  e l emen t s .  Sampl ing  s e a s o n  d i d  n o t  have a n  

impact on f o l i a r  l e v e l s  of N, P a n d  K a n d  f u l l y  e x p a n d e d  l e a v e s  were 

found t o  be r e l i a b l e  material  for  f o l i a r  a n a l y s i s .  Thc m a r k e d l y  low 

c o n c e n t r a t i o n s  o f  N  a n d  P  i n  t h e  s o i l  a s  w e l l a s  p l a n t  m a t e r i a l  

suggest  that  productivity can be improved by soil  nutrient  management.  '  



Introduction 

Judicious management of t r e e  nu t r i t i on  i s  an important t oo l  not 

o n l y  t o  ensure  i nc r ea sed  t r e e  p r o d u c t i v i t y  b u t  a l s o  t o  s u s t a i n  

p r o d u c t i v i t y  o f  f o r e s t  p l a n t a t i o n s  o v e r  a long- term per iod.  I t  i s  

t h e r e f o r e  nacessary t o  i d e n t i f y  t h e  characteristics of t h e  nutr ient  

reserve  i n  the s o i l  and assess  the same i n  r e l a t i o n  t o  the s u p p l y  of 

e s s e n t i a l  e l emen t s  t o  t h e  trees. F o l i a r  a n a l y s i s  i s  a w e l l  

es tabl ished and s e n s i t i v e  method used t o  a s s i s t  diagnosis of mineral 

r equ i r i emen t s  i n  a g r i c u l t u r e  and h o r t i c u l t u r e  (Dr i e s sche ,  1974) 

although i ts  app l ica t ion  i n  fores t ry  has commenced recent ly  (Bowen and 

Nambiar, 1984; Schonau, 1984). App l i c a t i on  o f  f o l i a r  a n a l y s i s  t o  a 

t r e e  s p e c i e s  f o r  t h e  purpose o f  d iagnos ing  n u t r i e n t  requirements  i s  

based on the premise tha t  a general  r e l a t i onsh ip  e x i s t s  between f o l i a r  

n u t r i e n t  c o n c e n t r a t i o n  and growth o r  y i e l d  pa ramete rs  wi th  in  t h e  

species . 

Exhaustive inves t iga t ions  have been ca r r i ed  out on the mineraI 

n u t r i e n t  d i a g n o s i s  o f  f o r e s t  t r e e  s p e c i e s  i n  t he  temperate  zone;  

western hemlock (Radwan and De Bel l ,  1980), pine (Bevege and Richards, 

1972) and  T i l i a  ( I n s l e y  e t  a l . ,  1981). Use of  l e a f  n u t r i e n t  l e v e l s  

has been s c a r c e  i n  r e l a t i o n  t o  management o f  p l a n t a t i o n s  i n  t he  

t rop ics  and only exp lora t ive  inves t iga t ions  have been reported (Nanda, 

1963; Seth and Bhatnagar, 1962; Haaq, 1983; Sharma, 1983). 

With the introduction of a range of  eucalypt  species a l l  over the 

world, e s p e c i a l l y  i n  t h e  t r o p i c s ,  a s a major component i n  t he  

p lan ta t ion  foros t ry  programme, of' l a t e ,  much a t t en t i on  has been drawn 

t o  the nutritional problcmn related with them (Lamb, 1976; Lamb, 197'7; 



S c h o n n u ,  1981; Cromer a n d  W i l l i a m s ,  1 9 8 2 ;  Bel1 a n d  Ward 1984; 

Haridasan, 1985). A l t h o u g h  eucalypts p l a y  a d o m i n a n t  r o l e  i n  I n d i a n  

forestry, c o m p r e h e n s i v e  i n v e s t i g a t i o n s  a r e  l a c k i n g  o n l y  i s o l a t e d  

a t t e m p t s  o n  t h e  n u t r i e n t  r e l a t i o n s  o f  e u c a l y p t  s e e d l i n g s  h a v e  been 

made (Hussain a n d  T h e a g a r a j a n ,  1966; K a u l  et. a l ,  1 9 6 8 ;  C h a u h a n ,  

1977). As trees h a v e  t h r e e  d i s t i n c t  n u t r i t i o n a l  stages w i t h  advancing 

age (Miller e t  a l . ,  1 9 8 1 )  s t u d i e s o n  y o u n g  s e e d l i n g s  may p r o v i d e  

l i t t l e  i n f o r m a t i o n  f o r  t h e  n u t r i t i o n a l  m a n a g e m e n t  o f  o l d e r  s t a n d s .  

W i t h  r e f e r e n c e  t o  K e r a l a ,  w h e r e  p l a n t a t i o n s  of' two s p e c i e s  of 

e u c a l y p t s  E . t e r e t i c o r n i s  a n d  E. g r a n d i s  o c c u p y  o v e r  35,000 h a  no 

s t u d i e s  h a v e  b e e n  c o n d u c t e d  s o  f a r  t o  e x p l o r e  t h e  p o s s i b i l i t i e s  o f  

   

n u t r i e n t  management i n  i n c r e a s i n g  p r o d u c t i v i t y .  T h i s  p r o j e c t  aims at, 

a s s e s s i n g  t h e  f o l i a r  n u t r i e n t ;  l e v e l s  o f  E. t e r e t i c o r n i s  a n d   E. g r a n d i s   
p l a n t a t i o n s ,  e s p e c i a l l y  t h e  c o n c e n t r a t i o n  of  nitrogen, p h o s p h o r u s  a n d  

p o t a s s i u m  i n  r e l a t i o n  t o  t h e  c o n t e n t  o f  the same i n  s o i l .  



Materials and Methods 

T h e  s t u d y  s i t e s  w e r e  K o n d a z h i  (10o42'N 76o24'E) f o r   E. 

tereticornis a n d  M u t h a n g a  (11o40'N, 76o22'E) f o r   E. g r a n d i s  i n  T r i c h u r  

a n d  Kozhikode F o r e s t  D i v i s i o n s  respectively. Details  o n  t h e  

p l a n t a t i o n s  a re  given i n  T a b l e  1. 

F o u r  p l o t s  1 0  x 1 0  m i n  E. t e r e t i c o r n i s  p l a n t a t i o n s  a n d  12.5 x 
12.5 m i n  E .. g r a n d i s  p l a n t a t i o n  were d e m a r c a t e d  t o  h a v e  20 t r e e s  i n  

e a c h .  The p l o t s  were o n  an average 500 m from each o t h e r .  

 

C u r r e n t  y e a r  tw igs  were s a m p l e d  f r om t o p  one  t h i r d  o f  t h e  c r o w n  

i n  A p r i l  1983, September, 1983 and March 1984. T h o  leave.;  f r om o n e  
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plot  were p o o l e d  a f t e r  stratifying them i n t o  different classes v i z .  

n c w l y  expanding, c l a s s  I e x p a n d e d  a n d  c l a s s  II expanded d e p e n d i n g  o n  

t h e i r  position a n d  s i z e  f r o m  t o p  t o  b o t t o m .  T h e  s a m p l e s  were o v e n  

d r i e d  a t  60o
C, g r o u n d  a n d  p r e p a r e d  f o r  a n a l y s i s .  Leaf n i t r o g e n  ( N )

was e s t i m a t e d  u s i n g  mod ified Convey ' s  microdiffusion t c c h n i q u c  a f t e r  

wet d i g e s t i o n  ( W a l s h  a n d  b e a t o n ,  1973). P h o s p h o r u n  ( P )  a n d  p o t a s s i u m  

(K) were a s s e s s e d  a f t e r  d r y  a s h i n g  t h e  s a m p l e s  by c o l o r i m e t r y  ( W a l s h  

a n d  B e a t o n ,  1973). 

S o i l  s a m p l e s  were c o l l e c t e d  f rom t h r e e  s o i l  p i t s  d u g  i n  e a c h  p l o t  

from 0-20, 70-40 a n d  40-60 cm d e p t h s .  They were a i r  d r i e d  a n d  passed 

t h r o u g h  a 2 mm s ieve .  NO
3
-N was e s t i m a t e d  u s i n g  CaSO4 a s  extractant ,  

P u s i n g  Bray-2 m e t h o d  a n d  K w i t h  s o d i u m  a c e t a t e  c x t r a c t a n t  ( A S A ,  

1965). 

T a b l e  1. C h a r a c t e r i s t i c s  of s t u d y  s i tes  a n d  p l a n t a t i o n s  

Kondazh i  100 3000 9.0 27.3 Euca 1 y p t.u s 
t e r e t i c o r n i s  ( T r i c h u r  
1977 F o r e s t  

 

D i v i s i o n  ) 

E u c a l y p t u s  Muthanga 800 1700 12.0 30.4 
g r a n d i s  1980) ( Kozh i kode  

F o r e s t  
D i v i s i o n )  

* a s  o f  A p r i l  1984 f o r   E. t e r e t i c o r n i s   a n d  A p r i l  1983 f o r   E . g r a n d i s  

n=  5-7 
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Soil  a n a l y s e s   
_I 

Results and Discuss ion  

T h e  r e s u l t s  o f  s o i l  a n a l y s e s  o f  NO3-N, P a n d  K a r e  p r e s e n t e d  i n  

T a b l e s  2 a n d  3 f o r  K o n d a z h i  a n d  M u t h a n g a  s i t e s  r e s p e c t i v e l y .  T h e  

v a l u e s  h a v e  b e e n  a d j u s t e d  f o r  t h e  g r a v e l  content, i n  t h e  s o i l  a s  

reported e a r l  ier ( A l e x a n d e r  a n d  T h o m a s ,  1985) .  These a u t h o r s  have 

f o u n d  t h a t  where g r a v e l  i s  a major component i n  soils s u c h  adjustments 

help  t o  a r r i v e   at. more meaningfuI i n t  erpretations. 

NO3-N. T h s  levels o f  N03-N i n  soils f r o m  b o t h  p l a n t a t i o n s  are  l o w ,  

w h i l e  t h e  s o i l  a t  Muthanga  s i t e  c o n t a i n s  more n i t rogen .  NO3-N b e i n g  

l a b i l e ,  it i s  more o r  l e s s evenly d i s t r i b u t e d  i n  t h e  surface and  sub-  

s u r f a c e  layers .  

P-The extractable P c o n t e n t  o f  b o t h  s o i l s  i s e x t r e m e l y  low w h i c h  is 

t y p i c a l  o f  t r o p i c a l  ,soils  w i t h  h i g h  l e v e l s  o f  i r o n  a n d  a l u m i n i u m  i n  

t h e  system. There  i s  a r e d u c t i o n  o f  P c o n t e n t  w i t h  d e p t h .  I n  t h c  

case of P too ,  t h e  Muthanga  s o i l  i s  s l i g h t l y  r i c h e r .  

K- Soi l s  f r o m  both p l a n t a t i o n s  h a v e  f a i r l y  r i c h  amount  o f  K. T h e  

Muthanga  s i t e  has t w o- f o l d  c o n c s n t r a t i o n  o f  s o i l  K when compared  t o  

Kondazhi .  

F o l i a r  analyses 

The r a t i o n a l e  b e h i n d  foliar a n a l y s i s  i s  t h a t  t h e  concen t r a t i on  o r  

con t en t  o f  n u t r i e n t s  r e f l e c t s  t h c  n u t r i t i o n a l  s t a t u s  o f  t h e  p l a n t ,  a n d  

t h u s  i t s  g r o w t h  p o t e n t i a l  ( M e a d ,  1984). T h e  r e s u l t s  o f  f o l i a r  



Table 2. Distribution of N0
3

-N, P and K in soil i n  Kondazhi* 

3.5 1.5 43 
3.5 0.8 23 
3.7 0.5 25 

2 00-20 1.3 1.4 50 
20-40 0.9 0 .7 31 
40-60 1.0 0.3 27 

3 00-20 0.8 1.5 38 
20-40 0.6 5.0 1 7  
40-60 0.5 0.8 7 

4 00-20 1.4 2.0 112 
20-40 1.6 1.3 72 
40-60 1.3 1.2 56 

---------.-------------------------------------------------.------ 

Mean** 00-20 1.7 1.6 61 
20-40 1.4 2.0 37 
40-60 1.4 0.7 29 

cv 00-20 
2O-40 
40-6O 

73 17 57 
60 102 65  
67 56 7 0  

* 
NPK v a l u e s  a r e  ad jus ted  f o r  t h e  g rave l  content  in  t he  s o i l  

** Average of  t h ree  s o i l  p i t s -  i n  each p l o t  

* * *Mean and CV based on twelve s o i l  p i t s  



2 00-20 2.0 1.5 109 
20-40 2.0 0.5 54 
40-60 3.0 0.2 38 

3 00-20 3.1 5.8 178 
20-40 2.0 0.8 165 
40-60 3.5 0.5 130 

* 
NPK v a l u e s  are  a d j u s t e d  fo r  t h e  gravel  c o n t e n t  i n  t h e  s o i l  

**  
Average of t h r e e  s o i l  p i t s  i n  e a c h  p l o t  

*** 
Mean and  C V  b a s e d  on twelve s o i l  pits 
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a re  given i n  T a b l e s  4 a n d  5.   As many f a c t o r s  influence t h e  levels  o f  

e l e m e n t s  i n  t h e  l e a f ,  the results are p r e s e n t e d  a n d  d i s c u s s e d  u n d e r  

t h e  f o l  lowing s u b h e a d i n g s :  

F o l i a g e  age a n d  n u t r i e n t  l e v e l s    

Leaves  from c u r r e n t  y e a r  twigs were s a m p l e d  a n d  segregated into 3 

t y p e s :  newly e x p a n d i n g ,  c l a s s  I e x p a n d e d  a n d  c l a s s  IT e x p a n d e d  l e a v e s  

f o r  analysis N. I n   E. g r a n d i s  foliage o n l y  t h e  first two t y p e s  c o u l d  

b e  i d e n t i f i e d .  N e w l y  e x p a n d i n g  leaves h a v e  s l i g h t l y  h i g h e r  l e v e l s  of' 

N P  a n d  K t h a n  mature o n e s  ( t a b l e s . 4  a n d  5). T h e  o n l y  e x c e p t i o n  t o  

t h i s  i s w i t h  N c o n t e n t ,  i n   E. t e r e t i c o r n i s  foliage  ( T a b l e  4). C l a s s  

II e x p a n d e d  l e a v e s  b e i n g  o l d e r  than  t h e  o t h e r  two show l o w e s t  

c o n c e n t r a t i o n s  o f  n u t r i e n t  elements. S i m i l a r  r e s u l t s  h a v e  b e e n  

o b t a i n e d  e l s e w h e r e  ( B e l l  a n d  W a r d ,  1 9 8 4 ) .  T h e  N, P a n d  K 

c o n c e n t r a t i o n s  i n  y o u n g  l e a v e s  show h i g h  v a r i a b i l i t y  among p l o t s  ( c v  = 

25-60%) whi le  i n  e x p a n d e d  l e a v e n  t h e  v a r i a b i l i t y  i s  l e s s  ( c v  =5-20%). 

The  concentration o f  e l e m e n t s  being more stable  i n  c l a s s  I a n d  class  

II e x p a n d e d  l e a v e s  t h a n  n e w l y  expanding ones, s a m p l i n g  may b e  

r e s t r i c t ed  t o  them i n  foliar  d i a g n o s i s  a c t i v i t i e s .  

S e a s o n   o f  s a m p l i n g  

F o l i a r  l e v e l  of e s s e n t i a l  elemenets c a n  v a r y  d u r i n g  t h e  y e a r .  The 

c o n c e n t r a t i o n  o f  N P a n d  K i n  t h e  f o l i a g e  o f  E. t e r e t i c o r n i s  a n d   E, 

grandis  s ampled  i n  March 1953, September 1983 a n d  A p r i l  1984 a r c  g i v e n  

i n  Table s 4 a n d  5. T h e  d a t a  indicate  t h a t  s a m p l i n g  time does  n o t  p l a y  

 

a c r u c i a l  role i n  h u m i d t r o p i c a l  areas  i n  c o m p a r i s o n  w i t h  temperate 

areas, where t h e r e  is  a marked p h y s i o l o g i c a l l y  i n a c t i v e  p e r i o d  d u r i n g  

w i n t e r  (Leaf ,  1973; Driessche, 1974) a l t h o u g h  wet a n d  d r y  s e a s o n s  can 
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Table 4. NPK levels in E. t e r e t i c o r n i s  f o l i a g e  % 
 

Newly expand- 
ing leaves 

Class I 
expanded  
l eaves 

April 
S e p t m b e r  
March 

** Average 

A p r i l  
September 
March 

Average 

April 
September 
March 

Average 

0.94 
0.92 
9.72 

0.86 

0.88 
0.94 
1.18 

1.00 

. 0.74 
0.90 
- 

0.77 

0.05  
0.11 
0.07 

0.08 

0.06 
0 .08 
0.06 

0.06 

0.05 
0.06 

0.06 

0.69 
0.82 
0.82 

0.73 

0.76 
0.68 
0.88 

0.77 

0.74 
0.56 

- 

0.65 

Tab le  5. NPK levels in E. grandis  f o l i a g e  % *  

Newly  expanding A p r i l  1.36 0.10 0.88 
l e aves  September 1.40 0.18 0.70 

March 0.48 0.15 0.82 

Average* 1.08 0.14 0.80 

Class I expanded A p r i l   1.10 0.08 0.76 
leaves September 0.72 0.08 0.50 

March 0.73 0.13 0.72 

Average 0.85 0.10 0.66 
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Table 6. Diagnostic criteria for N P K  in E. grandis foliage (Schonau, 
1984 ). 

N 

P 

K 

N/ P 

2 

0.16-0.15 

0.85 

0.11 

0.70 0.36 

13.00 3.29 

3.12 

0.35 

1.02 

26.00 

N / K  3.00 . 0.99 4.62 

Table 7. Nutrient ratios in eucalypt foliage in study sites*

N/P 16.57 8.50 

N / K  1.30 1.23 

P/ K 0.08 0.15 

* b a s e d  o n average v a l u e s  o f  c lass  I e x p a n d e d  Leaves. 
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impart difrerences in nutrient concentrations i n  the tropic:: (Lamb, 

1976). 

Yu t r i en t  levels and diagnostic c r i t e r i a  
   

Foliar  a n a l y s i s  h a s  t h e  p r i m e  o b j e c t i v e  of '  c o n t r i b u t i n g  

information o n  t h e  nu t r ien t .  element l imi t a t ionn .  Optimum l c v c l s  of' 

n u t r i e n t  l e v e l s  h a v e  not been r e p o r t e d  f o r  E. t e r e t i c o r n i s  and E. 

g r and i s  f o r  l o c a l  cond i t i ons  meanwhile a g e n e r a l  guidance is  a v a i l a b l e  

from t h e  work o f  Shonau (1984)  ( T a b l e  6).  Data g i v e n  i n  t a b l e s  4 and 

  

5 clearly i n d i c a t e  t h a t  t h e  1evels o f  N and P i n  both t h e  s p e c i e s  are 

be low optimum w i t h  m o d e r a t e l y  o p t i m a l  p o t a s s i u m  l e v e l s .  I t  may b e  

stressed h e r e  t h a t  t h e  levels of N and P a r e  below e v e n  t h e  m i n i m u m  

r ange  p r e s c r i b e d  b y  Schonau (1984)  w h i l e  t h a t  o f  K n e e d  n o t  pose  a 

p rob lem g i v e n  c u r r e n t  growth  rate:: a r e  maintained. Nu t r i en t  r a t i o s  

( T a b l e  7 )  can  a l s o  a i d  i n  i n t e r p r e t a t i o n  o f  foliar a n a l y t i c a l  d a t a .  

E v e n  t he  ratios a r r i v e d  a t  f'or both t h e  species r e v e a l  imbalances i n N   

and P s u p p l y  t o  t h e  p l a n t s .  

R e l a t i o n s h i p  between f o l i a r  and s o i l  l e v e l s  o f  NPK and e u c a l y p t  

growth 

          

Coefflcients of c o r r e l a t i o n  ( t a b l e s  8 and 9 )  show t h a t  i n  c e r t a i n  

c a s e s  h igh  v a l u e s  o f  e x i s t  f o r  eg. between s o i l  K and f o l i a r  K i n  

Kondazhi ( r = 0.98). Otherwise f o l i a r  concent ra t ion  shows no d i r e c t  

r e l a t i o n s h i p s  w i t h  s o i l  levels . A t  t h e  same time  low l e v e l s  o f  N

(NO
3

-N) and e x t r a c t a b l e  P i n  t h e  s o i l s  o f  bo th  p l a n t a t i o n : ;  a r e  

r e f l e c t e d  i n  t h e  below min imum concentrations of  N and P i n  the  l e a v e s  



Table 8. Correlation coefficients between soil and foliage l e v e l  of NPK 
and tree growth i n  E. tereticornis - 

SP 95 .80 -.24 .98 .68 .22 

SK 

FN .12 -81 .84 . 46 

FP -.38 .52 .88 

FK 58 ,06 

h . a4 

---------------------------------------------------------------.-------- 
* 

d a t a  f o r  A p r i l  1984. 
levels 

* - v a l u e s  f o r  2df  = .95 and .39 a t  95% and 9 9 %  

* *  
SN = Soil Nitrogen, FN = Foliar Nitrogen, SP = S o i l  P h o s p h o r u s ,  

FP = Fol iar  P h o s p h o r u s ,  d = d i a m e t e r ,  SK = S o i l  Potass ium,  FK = Foliar 
Potassium.h = height, 

Table 9. Correlation coefficients between soil and foliage l e v e l s  of 
NPK and tree growth i n  E.  Grandis  ---- --- ------------_-------_._____--------.---------------------.-.----- - ----- 

d2h *
Va r ia b lc  SP SK FN FP  F K  h - ----- ------.- -------- --------.- 

SN .86 .84 0.006 -.45 -.62 . 49 35 

SP .99  -.46 -.83 - ,92 . O 1  -.12 . 

SK -. 42 -.84 -.94 .02 -.07 

FN 

F P  

FK 

.79 .67 .86 .94 

. 77 50 56 

31 3 4  



1 3  

o f  E. t e r e t i c o r n i s  and E. g rand is .  While moderately high l e v e l s  o f  

s o i l  K have provided f o r  optimum range of f o l i a r  K i n  both species. 

 

High values  of r exist  between s o i l  N and f o l i n r  P a n d  tree growth 

l n  E,  t e r e t i c o r n i s  ( S o i l  N :  d
2

h  = 0.94; S o i l  P :  d
2

h  = 0,88). I n   E. 

g r a n d i s  t h e  c o r r e l a t i o n  between f o l i a r  Nitrogen a n d  growth is high 

( F o l i a r  N: d
2

h  = 0.94). T h i s  suggests t h a t  c e r t a i n  l i n k a g e s  a r e  

p r e sen t  and high p o s i t i v e  c o r r e l a t i o n s  between growth a n d  n u t r i e n t  

l e v e l s  are associated with deficiencies.  



C o n c l u s i o n  

Less v a r i a b i l i t y  i n  elemental. c o n c e n t r a t i o n s  i n  fully  e x p a n d e d  

l e a v e s  render  t h e m  m o r e  r e l i a b l e  m a t e r i a l  f o r  f o l i a r  a n a l y s i s .  

C o m p a r i s o n  between t h e  f o l i a r  a n d  s o i l  l e v e l s  of N ,  P a n d  K suggests  

t h a t  b o t h  soil a n d  p l a n t  t e s t  d a t a  s u p p l e m e n t  a n d  c o m p l e m e n t  one  

a n o t h e r .  The p r e s e n t  l e v e l s  of  f o l i a r  N  a n d  P a re  below opt imum w h i l e  

t h a t  of  K i s  w i t h i n  the r a n g e  p r e s c r i b e d .  The  same is d u e  t o  l o w

c o n t e n t  of  N  a n d  P i n  t h e  so i1  w i t h  moderately h i g h  L e v e l s  of  K. The 

m a r k e d l y  l o w  concentrations of N a n d  P  i n  b o t h  s o i l  a n d  p l a n t  mater ia l  

suggest t h a t  growth c a n  be increased by s o i l  n u t r i e n t  management. 
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